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1
ELECTRODE ARRANGEMENT FOR A
BARRIER PLASMA

FIELD OF THE INVENTION

The invention relates to an electrode arrangement for form-
ing a dielectrical barrier plasma between an effective surface
of the electrode arrangement and a surface which acts as a
counterelectrode, having a flexible, flat electrode which can
be connected to a high-voltage source, and having a flat,
flexible dielectric which forms the effective surface and is
connected to the flat electrode to form an electrode element
and completely covers the electrode with respect to the sur-
face which is to be treated.

BACKGROUND

It is known that surfaces of workpieces, but also skin sur-
faces, can be advantageously treated in various respects by
plasma discharges. Surfaces of workplaces can be activated
for a subsequent surface treatment, for example coating, in
order to allow the coating to adhere better. It is further pos-
sible to clean surfaces with plasma discharges, for example to
remove layers of oil.

A dielectrical barrier plasma discharge further allows skin
surfaces to be safely treated. As a result, wound areas can be
allowed to heal more quickly, the skin surface can be activated
for improved absorption of active skincare or healing sub-
stances etc., for example.

The problem of being able to carry out plasma treatment
which is as uniform as possible arises with surfaces which
have an irregular three-dimensional shape. DE 19532 105 C2
makes provision for a negative to be formed with the dielec-
tric from the surface of the workpiece, said dielectric there-
fore comprising a plastic which can be shaped, for example
can be pressed or thermoformed. In this case, provision is
further made for an intermediate layer to be used, so that the
dielectric can be shaped immediately at the surface of the
workpiece with the intermediate layer. The intermediate layer
is then removed in order to ensure there is an intermediate
space, in which the plasma can form, between the dielectric
and the electrode. On its face which is averted from the
surface which is to be treated, the dielectric is coated with a
conductive material which forms the electrode and to which
the required high-voltage can be supplied in the form of an
alternating voltage.

An electrode arrangement of the kind cited in the introduc-
tory part is known from DE 10 2009 060 627 A1. In the case
of this electrode arrangement, the dielectric is formed by a
flexible flat material which, on its face which faces the surface
which is to be treated, is provided with a structure in order to
form air guidance regions when the dielectric rests on the
surface which is to be treated. The flat electrode is of flexible
design and is fastened to the dielectric such that a layer of the
dielectric shields the electrode from the surface which is to be
treated. In particular, the electrode can be completely sur-
rounded by the material of the dielectric, wherein only a
high-voltage connection is routed out of the dielectric. The
known electrode arrangement is particularly suitable for
treating the skin surface of a human or animal body for
carrying out a therapeutic or, in particular, cosmetic treat-
ment. Owing to the resulting improved absorption capacity of
the skin for active cosmetic substances, cosmetic treatments,
such as smoothing out wrinkles, reducing the size ofthe pores
etc., are possible in an efficient manner. Furthermore, a bac-
tericidal and fungicidal effect of the plasma treatment can
also be utilized for treating healthy or wounded areas of skin.
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The flexible design of the known electrode arrangement
allows adjustment to the irregularly shaped surface. If elastic
restoring forces are not excessively high in this case, the
electrode arrangement maintains its deformation. However,
the ability to adapt to small local irregularities of the surface
is limited in this case.

SUMMARY

The present invention is based on the object of improving
an electrode arrangement of the kind mentioned in the intro-
ductory part in respect of the ability to adapt to surfaces with
an irregular shape.

In order to achieve this object, an electrode arrangement of
the kind mentioned in the introductory part is characterized,
according to the invention, by an area-elastic pressure means
for pressing on the rear face of the electrode element, which
rear face is averted from the surface, in such a way that the
electrode element can be automatically adapted to irregulari-
ties of the surface by local deformation.

The electrode arrangement according to the invention
therefore automatically ensures that the electrode element is
adapted to irregularities of the surface even when the irregu-
larities have only a small flat extent. Owing to the arrange-
ment according to the invention of an area-elastic pressure
means on the rear face of the electrode arrangement, it is
ensured that the electrode arrangement continues to exert a
uniform contact pressure on the surface to be treated. The
“area-elastic” pressure means has the effect that the flat elec-
trode element is pressed uniformly in the direction of the
surface which is to be treated, specifically over the entire
contact-pressure area with a substantially identical contact-
pressure force.

In a preferred embodiment, the contact-pressure force of
the area-elastic pressure means can be generated by an elastic
material which is fastened in a housing part which serves as a
supporting bearing. The housing part can be of rigid design,
but also be designed with a certain degree of flexibility,
wherein the housing has to be stiffer than the elastic material
in order to be able to serve as a supporting bearing. The elastic
material, which is preferably a soft-clastic material, can be
compressed when the electrode arrangement bears on the
surface which is to be treated, with the result that the restoring
force of'the elastic material creates the surface-active contact-
pressure force for the electrode arrangement. If the surface
has irregular deformations, the contact-pressure force of the
elastic material ensures that the electrode arrangement of
flexible configuration can adapt to this formation. It is pos-
sible in this way to adapt to irregularities of which the extent
in the surface is in the centimeter range down to the range of
a few millimeters. The material which creates the contact-
pressure force can be normal soft-elastic material in this case,
for example formed by an open-cell or closed-cell foamed
plastic. The elastic material can also be an elastomeric mate-
rial. Furthermore, it is possible to design a surface of the
material, which surface is perpendicular to the contact-pres-
sure direction, in a profiled manner in order to in this way to
control the elastic contact-pressure force depending on the
deformation path. Therefore, it is possible, for example, to
allow the elastic material on that side which is averted from
the electrode arrangement to bear against the housing part by
way of conical or rounded projections, so that a progressively
increasing restoring force is produced on account of the
deformation of the projections.

It is structurally simple to generate the contact-pressure
force using a compressible elastic material. However, it is
also possible for area-elastic pressure means to be formed
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from a large number of spring elements which are supported
at one end against the housing part, and, with contact sur-
faces, form a contact-pressure array on the rear face of the
electrode device. A pressure device can be formed in the
manner of a spring core mattress in this way.

The housing part, which serves as an abutment for the
area-elastic pressure means for the contact pressure of the
electrode arrangement against the surface, preferably has a
flat extent with which it projects beyond the flat extent of the
electrode device, preferably on all sides.

The area-elastic pressure means can be formed from a
dielectric material which covers the rear face of the electrode
arrangement. As a result, it is possible for the electrode to be
designed to be thinner and more flexible than the dielectric
which covers the surface which is to be treated, because the
electrode which carries the high-voltage can be isolated on
the rear face at least by the area-elastic pressure means too.
Even if the electrode is fully embedded, for example molded,
into a dielectric in order to ensure electric shock protection in
this way, the pressure means can make a contribution to
additional safety.

It is also preferred in the case of the electrode arrangement
according to the invention for the effective surface of the
dielectric to have a structure which forms intermediate air
spaces in which the plasma can be produced when the effec-
tive surface bears against the surface which is to be treated. In
this case, it is preferred for the structure to have studs, the end
faces of said studs being designed to bear against the surface
which is to be treated, as is known, in principle, from DE 10
2009 060 627 Al.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be explained in greater detail below with
reference to an exemplary embodiment which is illustrated in
the drawing.

DETAILED DESCRIPTION

The single drawing FIGURE shows a housing part 1 which
is designed in a pot-like manner with a flat bottom wall 2 and
a cylindrical circumferential casing wall 3. In this case, the
housing part 1 can be designed with a round, rectangular or
polygonal cross section. The housing part 1 is designed to be
open on that side which is opposite the bottom wall 2 and
therefore serves as a receptacle for an area-clastic pressure
means 4 in the form of an integrally elastic piece of material,
for example composed of a preferably soft-elastic foamed
plastic.

The elastic pressure means 4 is provided with a recess of
large area on that face which is averted from the bottom wall
2, said recess forming a receiving space 6 which is delimited
by a circumferential edge 5. An electrode element 7 which
comprises a flat electrode 8 which is surrounded on all sides
by a flat and flexible dielectric 9 is inserted in a matching
manner into the receiving space 6 which is open on one side.
The dielectric 9 projects beyond the edge 5 of the pressure
means 4 by way of an effective surface 10. The effective
surface 10 is provided with a structure 11 with which it can
bear against a surface (not illustrated) which is to be treated.
The structure 11 comprises projections 12 between which
there are intermediate spaces 13. The intermediate spaces 13
are, for example, filled with air and form the spaces in which
the plasma can form when the effective surface 10, by way of
the structure 11, bears against the surface which is to be
treated.
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In the illustrated preferred embodiment, the projections 12
are formed by studs which have planar end faces 14 which are
aligned with one another and which, all together, form a
contact surface for the surface which is to be treated, for
example a skin surface.

The electrode 8 and the dielectric 9 are formed from an
easily deformable material and can therefore be adapted to
unevennesses of the surface which is to be treated on account
of the contact pressure which is generated by the pressure
means 4, so that uniform plasma formation in the intermedi-
ate spaces 13 is ensured even in the case of surfaces of irregu-
lar shape.

A high-voltage connection 15 makes contact with the elec-
trode 8, said high-voltage connection bearing against the
electrode by way of a flat end piece 16 which merges inte-
grally into a bolt-like body 17 with which the high-voltage
connection 5 is routed through a passage opening 18 in the
elastic pressure means 4. Immediate abutment of the bolt-like
body 17 against the pressure means 4 is prevented by an
insulating sleeve piece 19 which surrounds the bolt-like body
17 within the passage opening 18 of the pressure means 4 and
extends as far as the flat end piece 16 of the high-voltage
connection 15. An insulating body 20, through which the
bolt-like body 17 projects and which extends as far as into an
interior space 21 in a metallic high-voltage block 22 which is
open at the bottom, is inserted into the housing part 1 in
alignment with the bottom wall 2 of the housing part 1. The
bolt-like body is supported against an opposite end wall of the
interior space 21 by means of a compression spring 23. To this
end, the bolt-like body 17 is provided with an end-face ter-
mination piece 24, the outside diameter of said termination
piece corresponding to the inside diameter of the interior
space 21. An electrically conductive, flexible transition piece
25, which bears against the bolt-like body 17 with an inwardly
directed prestress and thereby creates an electrical connection
between the high-voltage block 22 and the bolt-like body 17
of the high-voltage connection 15, is located between the
termination piece 24 and the insulation piece 20. The transi-
tion piece 25 can be provided in this case in the manner of a
metallic folding bellows or with fins which project inward
and are bent radially outward by the bolt-like body 17.

The housing part 1 has, on an angled end piece 26, a recess
for a tubular grip part 27. The tubular grip part contains—in a
schematically illustrated manner—a high-voltage generator
28 which outputs a high-voltage potential on an output line
29. The output line is connected to the high-voltage block 22
in a conventional manner, with the result that the entire high-
voltage block is at the high-voltage potential which is trans-
mitted by means of the transition piece 25 to the high-voltage
connection 15, and from there to the electrode 8.

The tubular grip part is terminated at its upper end by a
cable bushing 30 for a connection cable 31. The connection
cable 31 transports a low voltage of, for example, 6 V which
is converted to approximately 400V in a voltage converter 32
within the grip part 27. This output voltage forms the input
voltage for the high-voltage generator 28 which generates a
pulsed high voltage by, for example, higher frequency igni-
tion sparks being generated, the current flow of which is
transformed up to form high-voltage peaks in a transformer. It
goes without saying that all of the other high-voltage genera-
tors which are already known can also be used.

The illustrated exemplary embodiment therefore consti-
tutes a handheld device which can be held by way of the—
obviously insulating—grip part 27. The power supply to the
grip part 27 is a safe low-voltage power line. The high-voltage
generation which is required for plasma formation takes place
in the grip piece itself. The generated high-voltage reaches the
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high-voltage block 22 which is securely fastened in the insu-
lating housing part 1 and by means of which the high-voltage
potential reaches the high-voltage connection 15 and there-
fore the electrode 8. The high-voltage generator generates the
high-voltage potential, with the result that, for example, for
treating a skin surface, said skin surface can act as a counter-
electrode for the generated plasma.

The invention claimed is:

1. An electrode arrangement for forming a dielectrical bar-
rier plasma between an effective surface of the electrode
arrangement and a surface which acts as a counterelectrode,
comprising:

a flexible, flat electrode connectable to a high-voltage

source suitable for forming a plasma;

a flat, flexible dielectric which forms an effective surface,
wherein said dielectric is connected to the flat electrode
to form an electrode element and completely covers the
electrode with respect to a surface which is to be treated,
wherein the electrode element has a rear face; and

an area-clastic pressure-applying device or material for
pressing on the rear face of the electrode element, which
rear face is averted from the surface which is to be
treated, in such a way that the electrode element is auto-
matically adaptable to irregularities of the surface which
is to be treated by local deformation,

wherein the electrode element is pressed uniformly by the
area-elastic pressure-applying device or material in the
direction of the surface which is to be treated over an
entire contact-pressure area with a substantially identi-
cal contact-pressure force,

wherein the area-elastic pressure-applying device or mate-
rial is an elastic material which is fastened in a housing
part which serves as a supporting bearing.

2. The electrode arrangement as claimed in claim 1,
wherein the area-elastic pressure-applying device or material
covers the rear face of the electrode element with a dielectric
material.

3. An electrode arrangement for forming a dielectrical bar-
rier plasma between an effective surface of the electrode
arrangement and a surface which acts as a counterelectrode,
comprising:

a flexible, flat electrode connectable to a high-voltage

source suitable for forming a plasma;

a flat, flexible dielectric which forms an effective surface,
wherein said dielectric is connected to the flat electrode
to form an electrode element and completely covers the
electrode with respect to a surface which is to be treated,
wherein the electrode element has a rear face; and

an area-clastic pressure-applying device or material for
pressing on the rear face of the electrode element, which
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rear face is averted from the surface which is to be
treated, in such a way that the electrode element is auto-
matically adaptable to irregularities of the surface which
is to be treated by local deformation,

wherein the electrode element is pressed uniformly by the

area-elastic pressure-applying device or material in the
direction of the surface which is to be treated over an
entire contact-pressure area with a substantially identi-
cal contact-pressure force, wherein the area-elastic pres-
sure-applying device or material comprises a plurality of
spring elements which are supported at one end against
ahousing part which serves as a supporting bearing, and,
with contact surfaces, form a pressure array on the rear
face of the electrode element.

4. The electrode arrangement as claimed in claim 1
wherein the housing part has a flat extent with which it
projects beyond a flat extent of the electrode element.

5. The electrode arrangement as claimed in claim 4,
wherein the flat extent of the housing part projects beyond the
flat extent of the electrode element on all sides.

6. The electrode arrangement as claimed in claim 1
wherein the housing part has an electrical bushing for a high-
voltage connection.

7. The electrode arrangement as claimed in claim 1
wherein the effective surface of the dielectric has a structure
comprising a plurality of projections which form intermedi-
ate spaces therebetween in which the plasma can form when
the effective surface bears against the surface which is to be
treated by way of the structure.

8. The electrode arrangement as claimed in claim 7,
wherein the structure’s plurality of projections include studs,
the end faces of said studs being configured to bear against the
surface which is to be treated.

9. The electrode arrangement of claim 3, wherein the area-
elastic pressure-applying device or material covers the rear
face of the electrode element with a dielectric material.

10. The electrode arrangement as claimed in claim 3
wherein the housing part has an electrical bushing for a high-
voltage connection.

11. The electrode arrangement as claimed in claim 4
wherein the effective surface of the dielectric has a structure
comprising a plurality of projections which form intermedi-
ate spaces therebetween in which the plasma can form when
the effective surface bears against the surface which is to be
treated by way of the structure.

12. The electrode arrangement as claimed in claim 11,
wherein the structure’s plurality of projections include studs,
the end faces of said studs being configured to bear against the
surface which is to be treated.
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